The housing market plays an important role in the Chinese economy and society. To promote the functioning of the housing market, the Chinese government has imposed many policies and regulations. However, most of these regulations do not take sustainability into consideration. Using a difference-in-difference approach, this paper investigated the impacts of home purchase restriction (HPR) on the housing market in China. While most studies have only focused on the impacts of HPR implementation on the housing market, we also investigated the effects of HPR removal. The results revealed that HPR brings about a decline in the growth of house prices and the impacts are more significant in the short run. Furthermore, the effects of HPR vary across different cities., where they are particularly pronounced in the central and western cities. Moreover, there was no evidence to show that the removal of HPR affected house prices as expected. This suggests that it is important to improve the sustainability of housing policies, which has significant policy implications for obtaining a well-functioning housing market.
Introduction
House prices have grown rapidly in China in recent years [1] , which has had profound impacts on society and the economy [2] [3] [4] [5] [6] [7] [8] . Moreover, surging house prices have recently become a major concern as it negatively affects social sustainability. On one hand, it has been observed that the growth rate of house prices has exceeded household income growth [9] , thereby influencing the household housing affordability [10] [11] [12] , housing inequality, and even social sustainability in China [13] . On the other hand, the surging house prices in China may increase the risk of bubbles bursting and damaging the sustainability of urban development [14] . To promote the sustainable growth of the housing market and economy, the Chinese government has introduced a series of policies and regulations. However, due to the lack of a long-term mechanism for the regulation of the housing market, almost none of these policies and regulations have been implemented continuously, which has contributed to inconsistencies in regulating the housing market. In order to build up a long-term regulation mechanism and improve the functioning of the housing market, it is important to understand the effects of policy sustainability in the housing market.
Among all the regulations in the housing market, home purchase restriction (HPR) has drawn great attention. By restricting mortgages, limiting household' access to home purchases as well as the amount of home purchasing, HPR has imposed strict limits on the demand side of the housing market. Nevertheless, most cities have not implemented HPR continuously. In this paper, we use HPR as an example of housing policy and study the impacts of HPR dynamics on the housing market.
Our objectives are two-fold. The first is to investigate the impacts of HPR on the housing market. In particular, this research focused on the impacts of HPR dynamics and also explored the heterogeneity in the effect of HPR. For instance, we examined the short-and long-run effects as well as the regional effects of HPR. Based on the analysis of HPR, our second objective was to study the effects of sustainability policy in the housing market.
We contribute to the HPR literature in the following ways. First, as the existing literature shows mixed evidence of the impacts of HPR, we tried to study the effects of HPR from a more comprehensive perspective. Second, previous studies have not dealt with the impacts of the removal of HPR. In this paper, we track the dynamics of HPR by investigating the impacts of the implementation and removal of HPR. This has important policy implications and practical significance because the understanding the effects of sustainability policy is essential in establishing a long-term regulation mechanism and promoting the functioning of the housing market. Third, in terms of the methodology, most studies employ a difference-in-difference (DID) approach in which to study the impacts of HPR. However, they may violate the common trend assumption and lead to an inconsistent estimator. In this research, we employed a DID approach to investigate the effects of HPR on house prices. Furthermore, to address the potential problem of DID analysis, we also introduced a difference-in-difference-in-difference (DIDID) and a propensity score matching-difference.
The remainder of this paper is organized as follows. Section 2 briefly reviews the relevant literature. In Section 3, we introduce our empirical strategy and our data. Section 4 reports the main empirical results of our analysis. The robustness test is presented in Sections 5 and 6 concludes.
Literature Review
Since the market-oriented reform in China in the 1980s, the real estate industry has experienced rapid development. With the rapid development of the housing market, the government has played a crucial role. According to Cao and Keivani [10] , the development of the Chinese housing market can be summarized in four stages. First, from 1998 to 2004, the housing market grew rapidly after the market-oriented reform. Second, from 2005 to 2008, to cool down the surging house prices, the central government implemented a series of interventions on the housing market. Meanwhile, the global financial crises since 2007 has had negative impacts on the housing market. Consequently, the housing market experienced a slowdown in this period. Third, from 2008 to 2009, the central government imposed several policies to boost the demand of the housing market. For example, in the Opinions on Promoting the Healthy Development of The Real Estate Market, the State Council promised to ease the credit restrictions. Fourth, since 2010, the central and local government has implemented combined regulations to curb soaring prices in the housing market [1] with the aim to establish a long-term and sustainable regulation mechanism to achieve a sustainable housing market [13] .
In fact, the excessive growth of house prices in recent years has become a major concern in China. In order to restrain the surging prices in the housing market, the central and local government have introduced the home purchase restriction (HPR). On April 17, 2010, the State Council issued the notice of "curbing the excessive increase in house prices in some cities". The notice put forward that all regions could limit the number of home buyers according to their local conditions. On April 30, 2010, Beijing took the lead in introducing the detailed rules of HPR, which stipulates that every household can only purchase one additional commercial house. In 2010-2011, many cities released their detailed HPRs. Although HPR seems to be effective in curbing the growth of house prices, the implementation of HPR is not continuous in most cities. As the economy changed, most cities (except for Beijing, Shanghai, Guangzhou, and Shenzhen) loosened and even abandoned HPR from 2014 to 2016. Nevertheless, after the short-term removal of HPR, an increasing number of cities have returned to HPRs since 2017.
Many papers have focused on the effects of HPRs on the housing market, but the conclusions are mixed. By comparing the effects of these detailed HPR policies in 35 major cities, Li and Xu [15] concluded that xiangou (restricting house purchase) was the most effective policy to curb the soaring house prices. Du and Zhang [16] compared the effects of HPR and the property tax in Beijing, Shanghai, and Chongqing and found that HPR was more effective in curbing the rising house prices than the property tax, therefore, HPR could not be replaced by the property tax in the short run. In contrast to Du and Zhang, Wang and Huang [17] compared the effects of HPR and property tax and concluded that the influences of HPR were relatively limited. Regarding the reason, Zhou [18] believes that sentiment plays an important role in housing market regulations, and the optimism in the housing market may reduce the effectiveness of HPR.
In fact, empirical evidence also reveals that there is a heterogeneity effect of HPR on the housing market. First, the impacts of HPR may be different in the short-run and long-run. For example, Sun et al. [19] emphasized the short-term impacts of HPR. Based on the resale and rental transaction data from 2005 to 2011 in Beijing city, they concluded that HPR contributed to a decrease in the resale price and transaction amounts. Similarly, Yan and Ouyang [20] used daily house sales data and house prices data from January 2017 to May 2017 to study the short-term impacts of HPR on the housing market. They believe that HPR is effective in reducing housing demand and depressing house prices. However, because they only used data from a relatively short time, there was no evidence to show the long-run effects of HPR. In contrast, Li et al. [21] used the method of mobility probability plot to study the impacts of HPR on house prices and argued that the effect of HPR still existed in the long-run.
Second, the impacts of HPR may differ across regions. Wu and Li [22] used a difference-in-difference approach to analyze the impacts of HPR on the housing market and showed that HPR had impacts on reducing house prices and transaction demands. Furthermore, HPR is more effective in first-and second-tier cities. This idea is also supported by Jia et al. [23] , who argued that the effects of HPR may vary across cities. Based on the resale housing transaction data in Guangzhou city, they found that the localized HPR had positive impacts on house prices, but that the central government's HPR led to a drop in house prices.
Unfortunately, the existing evidence of the impacts of HPR is mixed, and a more comprehensive perspective for studying the impacts of HPR on the housing market is lacking. Additionally, most studies have only focused on the impacts of HPR implementation. There is scarce evidence of the effects of HPR dynamics, especially of the effects of HPR removal on the housing market. This is important because the existing literature shows that policy uncertainty and dynamics are associated with house prices [24] . In other words, the dynamics and uncertainty of HPR policy may affect the housing market. Therefore, it is crucial to understand whether sustainability in regulations is effective in the housing market. Moreover, most of the existing studies of the effects of HPR have employed the DID approach, but they may violate the common trend assumption and lead to an inconsistent estimator. To address this concern, we used a DID, DIDID, and a propensity score matching-difference in our analysis.
Data and Methodology

Data
In this research, we drew data from the National Bureau of Statistics of the People's Republic of China and the city-level bureau of statistics from the first quarter of 2006 to the second quarter of 2016. We restricted our sample to 70 major cities in China, accounting for 10.4% of the total number of Chinese cities. (By the end of 2018, the total number of Chinese cities reached 672 including 297 cities above the prefecture-level and 375 county-level cities.) We excluded Dali in our sample due to many missing values in the main variables. Therefore, our final sample consisted of 69 large and medium-sized cities in China.
In our analysis, we attempted to study the impacts of the implementation and removal of HPR on the housing market. First, to investigate the impacts of HPR on house prices, we focused on the data between the first quarter of 2009 and the fourth quarter of 2013, covering two years before and three years after the implementation of HPR. According to whether the city introduced HPR between 2009 and 2013, the whole sample was divided into the treatment group and control group. The treatment group refers to 39 large and medium-sized cities that introduced HPR between 2009 and 2013, and the control group refers to 30 large and medium-sized cities that did not implement HPR between 2009 and 2013. Second, to study the impacts of HPR removal on the housing market, we used data between the first quarter of 2012 and the second quarter of 2016. According to whether the city had removed HPR since 2014, our sample was divided into the treatment group and control group. The treatment group included 35 large and medium-sized cities that have removed HPR since 2014. The control group consisted of 34 major cities including four cities that have consistently implemented HPR since 2010, and 30 cities that did not introduce HPR between 2010 and 2016. Table A1 in Appendix A shows a city list of the control groups and treatment groups in this paper.
Our main dependent variable was the house price index, which indicates the growth rate of house prices. As HPR may affect the newly-built housing market and second-hand housing market differently, we used both the newly-built and second-hand house price index in our analysis. In addition, considering that many factors may influence house prices, we selected three control variables in our analysis based on the existing literature. The first is the quarterly average land price for residential purposes (LP). Land price affects house prices mainly through the cost mechanism, for example, as a major component of house prices, an increase in land prices drives up the cost, thereby pushing up house prices. In fact, it has been observed that land price is associated with house prices [14, 25] . The second control variable is the annual gross domestic product (GDP). GDP is widely used as a determinant of house prices [20, 22] because it is an indicator of economic development, which interplays with the development of the housing market. The third control variable is the per capita disposable income of urban residents (INC). INC reflects the household income and purchasing power; hence, it is regarded as an important factor in house prices [13, 14, 26] . Detailed variable descriptions are reported in Table 1 . Specifically, we used the logarithm of LP, GDP, and INC in our following analysis. Additionally, due to the issue of missing values, we dropped observations in certain specifications and dealt with the missing observations by using different robustness tests. Table 2 presents descriptive statistics of the key variables between 2009: Q1 and 2010: Q2. We compared the summary statistics before HPR (2009: Q1 to 2010: Q2) and after HPR (2010: Q3 to 2013: Q4). In this table, according to whether the city introduced HPR, we divided the sample into the control group and treatment group. Panel A in Table 2 shows the statistics before HPR, and Panel B presents the values after HPR. As shown in Table 2 , the economic development of all cities in our sample developed between 2009 and 2013. However, the control group and treatment groups differed in a number of aspects. On one hand, Table 2 suggests that the treatment group exceeded the control group in both house price levels and economic development. On the other hand, the growth in the newly-built house prices of the treatment group declined from 5.22% before HPR to 4.17% after HPR. However, for the control group, the growth of the newly-built house prices increased from 3.24% to 3.63%, respectively. The difference between the treatment group and the control group may be due to the implementation of HPR. 
Empirical Model
We applied a DID approach to study the effects of HPR on house prices. According to whether the city had implemented HPR, we first divided all of the cities into the control group and treatment group. By comparing the differences between the treatment group and the control group across times, we then investigated the impacts of HPR. The dependent variable in the empirical model was the house price index and the basic specification is as follows:
where y it is the house price index of city i at time t. Treat is a dummy variable that equals 1 if the city belongs to the treatment groups, and 0 if the city is in the control groups. Post equals 0 before the implementation of HPR and it is 1 after HPR. Z is a vector of the control variables, which accounts for the unobservable heterogeneity across cities. Equation (1) is essential to our remainder analysis of the impacts of HPR. The coefficient β 3 is the DID estimator and is the parameter of interest [27] . We expected the coefficients of β 3 to be negative, which shows that the implementation of HPR had negative impacts on house price growth. The DID approach requires the parallel trend assumption, which means that the dependent variable of the treatment group should have a common trend in comparison to the control group in the absence of HPR. However, it was hard to satisfy this assumption in this paper, because the cities varied significantly in their economic development and housing market development [25] . This may lead to an inconsistent estimator of the DID approach. Therefore, we applied a DIDID analysis to address this concern [28]. By using the regional variations, we introduced a series of binary region indicators and extended the basic specification Equation (1) to Equation (2) .
where y itj is the house price index of city i in region j at time t. Region is a binary indicator. It equals 1 if a city belongs to a specific region and 0 otherwise. In our analysis, we had three region indicators:
Region_Eastern took the value of 1 if the city was in the eastern region; Region_Central equaled 1 if the city was located in the central region, and Region_Western was 1 if the city was in the western region. In the DIDID specification, β 7 was our coefficient of interest and captured the differences of the net effects of HPR across regions between 2009: Q1 and 2013: Q4. We mainly used OLS methods in our analysis. Additionally, we also employed a least-squares dummy variable (LSDV) since we incorporated a lag-term dependent variable in our model.
Empirical Results
Impacts of Home Purchase Restriction on House Prices
We first used data from 2009: Q1 to 2013: Q4 to study the impacts of HPR on the housing market. Figure 1 shows the growth rate of commercial house sales from 2009 to 2013. As shown in Figure 1 , the growth rate showed a sharp decline in 2010, suggesting that in most cities, the housing demand declined dramatically after HPR. The slowdown in the housing market may further affect house prices. Based on our DID specification, we investigated the effects of HPR on the growth of house prices in the newly-built housing market and the second-hand housing market. The results are reported in Table 3 . In addition, we found that it was important to examine the short-term effects and the long-term effect, respectively, because they may differ in policy effects. On one hand, a time lag of the policy effect may influence the effects of HPR at different time points. On the other hand, the existing evidence suggests that sentiment may influence the effects of government intervention [18] . For the relatively short term, it is hard for households to react to HPR. For the relatively long term, however, households have enough time to react to HPR, thereby influencing the effectiveness of HPR. In this paper, we defined the short-term effects of HPR as the effects of HPR by the end of 2012: Q4. As most cities have removed HPR since 2014, we can only observe the effects of HPR by the end of 2013: Q4. Therefore, we defined the long-term effects as the effects of HPR between 2009: Q1 and 2013: Q4 in this paper. 
Empirical Results
Impacts of Home Purchase Restriction on House Prices
We first used data from 2009: Q1 to 2013: Q4 to study the impacts of HPR on the housing market. Figure 1 shows the growth rate of commercial house sales from 2009 to 2013. As shown in Figure 1 , the growth rate showed a sharp decline in 2010, suggesting that in most cities, the housing demand declined dramatically after HPR. The slowdown in the housing market may further affect house prices. Based on our DID specification, we investigated the effects of HPR on the growth of house prices in the newly-built housing market and the second-hand housing market. The results are reported in Table 3 . In addition, we found that it was important to examine the short-term effects and the long-term effect, respectively, because they may differ in policy effects. On one hand, a time lag of the policy effect may influence the effects of HPR at different time points. On the other hand, the existing evidence suggests that sentiment may influence the effects of government intervention [18] . For the relatively short term, it is hard for households to react to HPR. For the relatively long term, however, households have enough time to react to HPR, thereby influencing the effectiveness of HPR. In this paper, we defined the short-term effects of HPR as the effects of HPR by the end of 2012: Q4. As most cities have removed HPR since 2014, we can only observe the effects of HPR by the end of 2013: Q4. Therefore, we defined the long-term effects as the effects of HPR between 2009: Q1 and 2013: Q4 in this paper. The first four columns of Table 3 report the impacts of HPR on the newly-built house price index. Columns 1-2 report the short-term impacts. In Column 1, we started with a simple specification that only considered the impacts of HPR. We were interested in the coefficient of Post*Treat. The negative coefficient of Post*Treat indicates that HPR is effective in restraining the growth of newly-built house prices. Column 2 includes control variables in the analysis, which increased the R-squared value when compared with Column 1. The coefficient of Post*Treat was still negative and statistically significant, confirming that HPR was effective, even after controlling for the other variables. Columns 3-4 show the impacts in the relatively long-run. The coefficient of Post*Treat was −1.185. This implies that the impacts of HPR exist in a relatively long-run, which is consistent with the conclusions in [21] . However, compared with Columns 1-2, the long-term effect of HPR on the newly-built house price index gradually diminished. In addition, in line with the existing literature, we found that land price, the annual gross domestic product, and per capita disposable income of urban residents were important factors that influenced house prices [13, 14, 20, 22, 25, 26] . The first four columns of Table 3 report the impacts of HPR on the newly-built house price index. Columns 1-2 report the short-term impacts. In Column 1, we started with a simple specification that only considered the impacts of HPR. We were interested in the coefficient of Post*Treat. The negative coefficient of Post*Treat indicates that HPR is effective in restraining the growth of newly-built house prices. Column 2 includes control variables in the analysis, which increased the R-squared value when compared with Column 1. The coefficient of Post*Treat was still negative and statistically significant, confirming that HPR was effective, even after controlling for the other variables. Columns 3-4 show the impacts in the relatively long-run. The coefficient of Post*Treat was −1.185. This implies that the impacts of HPR exist in a relatively long-run, which is consistent with the conclusions in [21] .
However, compared with Columns 1-2, the long-term effect of HPR on the newly-built house price index gradually diminished. In addition, in line with the existing literature, we found that land price, the annual gross domestic product, and per capita disposable income of urban residents were important factors that influenced house prices [13, 14, 20, 22, 25, 26] . The results for the impacts of HPR on the second-hand housing market are shown in Columns 5-8 in Table 3 . The short-term impacts of HPR are revealed in Columns 5-6, and the long-term effects are reported in Columns 7-8. Columns 5-8 suggest that HPR leads to a drop in the growth of house prices in the second-hand housing market and that the impacts also exist in a relatively long-run. The results were robust after we introduced control variables. However, the impacts were relatively small in comparison to those in the newly-built housing market.
As the time for implementing localized HPR varied slightly in different cities (all of the cities in our sample introduced HPR between May 2010 and April 2011), we further restricted our sample to rule out the impacts of different time points. We restricted our data to the first quarter of 2009 to the first quarter of 2010, and the third quarter of 2011 to the fourth quarter of 2012, and applied a DID analysis to the selected periods. Table 4 reports the impacts of HPR on house prices for the subsample. As shown in Column 5, the impact of HPR on the newly-built housing market was negative and statistically significant at the level of 5%. This implies that the impacts of HPR are robust.
In addition, the LagHP in our empirical analysis may lead to inconsistent estimators. Considering that our empirical model employed a dynamic panel data model with a large relatively large T, we also used a bias correction of the least-squares dummy variable (LSDV) to obtain a consistent estimator. As shown in Table 5 , the results were consistent with the OLS model. Columns 1-4 report the impacts of HPR on the newly-built housing market. For the newly-built housing market, introducing HPR brought about a decline in the house price index, as suggested by the negative coefficients of Post*Treat. The impacts of HPR on the second-hand housing market are revealed in Columns 5-8. Columns 5-6 show that HPR had negative impacts on the second-hand housing market in the short-run. However, Column 8 shows that the long-term effect of HPR on the second-hand house price growth was insignificant. Similar to the study of Wu and Li [22] , we employed a DID approach and found that for the treatment group, the house price declined significantly after the implementation of HPR. This implies that HPR effectively suppressed the rapid growth of house prices, which is in line with the conclusions in [19] [20] [21] [22] . Moreover, unlike the existing literature, we studied the short-term effects and the long-term effects, respectively. The evidence shows that, compared to the short-term effects, the long-term effects were smaller. A plausible explanation is that some cities relax their HPR in the long-term. Table 5 . Home purchase restriction on house price index (biased-correction of least-squares dummy variable). Notes Standard errors in parentheses. *** represents significance at the 1% level, ** represents significance at the 5% level, * represents significance at the 10% level. In the Columns (1-4) , the dependent variable is newly-built house price index. In the Columns (5) (6) (7) (8) , the dependent variable is second-hand house price index.
Variables
Newly-Built House Price Index Second-Hand House Price Index
Short-Term Effect
Regional Heterogeneity Analysis of Home Purchase Restriction
Our aforementioned analysis indicates that HPR leads to a drop in house price growth. However, the analysis may violate the common trend assumption and generate biased estimates due to the significant differences in house prices across cities. To address this concern, we apply a DIDID analysis in this part based on Equation (2) . The results are shown in Tables 6 and 7 . Columns (1) (2) show the impacts of HPR on newly-built house prices in the eastern region. We are particularly interested in the coefficient of Post*Region*Treat, which shows that compare with the central cities and western cities, whether the net effects of HPR are more effective. In column (2), the coefficient is significantly negative, suggesting that the net impacts of HPR in eastern cities are less effective than the central and western cities. Columns (3) (4) show the impact in the central cities, and the coefficient of Post*Region*Treat indicates whether HPR is more effective in the central cities than the eastern and western cities. The empirical results suggest that HPR in the central cities is more effective than in the eastern and western cities. The impacts of HPR on the western cities are reported in Columns (5) (6) . The evidence shows that HPR is effective in the western cities. Table 7 reports the empirical results of HPR on the second-hand housing market. Columns 1-2 report the net effect of HPR in the eastern cities, Columns 3-4 reveal the net impacts of HPR in the central cities, and Columns 5-6 refers to the net effects in the western cities. The empirical results suggest that for the second-hand housing market, HPR is more effective in controlling the growth of house prices for the central cities. In contrast, the effect on cities in the eastern region was not larger than that in the central and western regions. However, there was no evidence to show that HPR is more effective in the western region. As a robust check, we also regressed the DIDID in the long-term (2009: Q1 to 2013: Q4) and the result was in line with the short-term analysis. Notes Standard errors in parentheses. *** represents significance at the 1% level, ** represents significance at the 5% level, * represents significance at the 10% level. Dependent variable is the second-hand house price index.
The empirical results from this section suggest that there is regional heterogeneity in the impacts of HPR. This echoes the viewpoints of Wu and Li [22] , who argued that the impacts of HPR differed across cities. The heterogeneity in the impacts of HPR can be partly explained by the supply-demand in different regions. In the eastern region, the land supply has declined since 2003 [29] . This has led to a drop in housing supply. On the demand side, however, the main problem facing the eastern cities is the rapid increase in housing demand, because the eastern cities have been the main source of population inflows [25] . As a result, the housing supply can hardly meet the demand in the eastern cities. In fact, although HPR may suppress some speculative housing demands in the eastern cities, the overall housing demand is still sufficiently strong, which makes the HPR less effective on the house price growth. In contrast, for the central and western cities, the main problem facing them is the oversupply in the housing market [30] . On one hand, the proportion of land supply in the central and western regions has been growing continuously. On the other hand, the central and western cities have less housing demand than the eastern cities. A combination of the supply-side and demand-side fundamentals makes these cities more sensitive to HPR.
Furthermore, the heterogeneity in the impacts of HPR can also be explained by the different expectations in the housing market across regions. For the eastern region, both home buyers and real estate developers are optimistic about the housing market, because they believe that house prices will continue increasing [31] [32] [33] . As a result, real estate developers prefer to delay property sales and wait for the housing market boom, thereby reducing the effect of HPR in the eastern cities. By calculating the share of unsold inventory in sales volume, Wu et al. [30] found that during 2010 and 2011, the unsold inventories held by developers increased dramatically in 12 major cities in China. However, for the central and western cities, real estate developers may be more concerned about their high inventories and be more eager to promote sales, thereby decreasing house prices. Overall, all of the explanations suggest that compared with the eastern cities, the central and western cities are more sensitive to house prices [32] , thereby decreasing the impacts of HPR.
Impacts of Home Purchase Restriction Removal on House Prices
Although our analysis suggests that HPR is effective in restraining rapid growth in house prices, most cities have relaxed and even removed it since 2014. On one hand, local governments regard land sales as a major part of local fiscal income [19] . As HPR curbs the growth in house prices, the land sales of local government have also been negatively affected. On the other hand, for some western and central cities, the main problem facing them is the oversupply in the housing market [30] . However, the implementation of HPR aggravated the problem of high inventory. Furthermore, HPR negatively affected the development of the real estate industry and economy. Therefore, the local governments had less incentive to continue HPR and decided to remove it. As shown in Table 8 , the majority of cities in our sample have abandoned HPR since 2014. Notably, except for Beijing, Shanghai, Guangzhou, and Shenzhen (all first-tier cities), all other cities in our sample abandoned HPR in 2014. In this section, we estimate the impacts of HPR removal on the housing market. We used data from 2012: Q1 to 2016: Q2 to investigate the impacts of HPR removal based on Equation (1) . Tables 9  and 10 display the effects of HPR removal on the housing market. Table 9 reports the impacts of HPR removal on the housing market based on the OLS method. Columns 1-2 show the impacts of HPR removal on the newly-built housing market. In Column 1, the coefficient of Post*Treat was positive and statistically significant at the level of 10%. However, after introducing all of the other variables in the model, the coefficient of Post*Treat was insignificant, as shown in Column 2. Meanwhile, the R-squared value increased significantly when compared with Column 1, which can be explained by the fact that we introduced many relevant control variables. In particular, LagHP may be a major contributor to the increase in the R-squared value as existing evidence proves that changes in house prices are serially correlated over time [34] . To address the concern that the effects may be influenced by the serial correlation of house prices, we investigated the impacts of HPR on the housing market by using the biased-correction LSDV, the results of which are reported in Table 10 . After adjusting the impacts of serial correlation, we found that HPR was still not significant on the newly-built housing market. Moreover, there was no evidence to show that the removal of HPR affected the growth of house prices for the second-hand housing market. There are two likely explanations for the results. First, HPR has a poor execution in some cities, especially in the long-run. This is consistent with our above findings, which showed that the effects of HPR gradually diminished in the relatively long-run. Second, for those cities with a higher inventory, as the supply and demand have not dramatically changed in these cities, the removal of HPR will not push up house prices. Notes: Standard errors in parentheses. *** represents significance at the 1% level, ** represents significance at the 5% level, * represents significance at the 10% level.
Robustness Test
In our above analysis, the DID approach may generate a biased estimate. First, HPR is not a natural experiment in our research. Instead, it has a potential selection bias problem because the HPR was only introduced by major cities with a more active housing market. Meanwhile, there were some unobservable characteristics for the treatment group and the control group. In order to solve the problem of DID in our research, we applied the propensity score matching method and DID specification as our robustness test. Table 11 reports the estimation results of the logit regression. The dependent variable was whether the city belonged to the treatment group and the independent variables were all of the control variables including LogLP, LagHP, LogPGDP (per capita GDP), and LogINC (disposable income). Table 12 shows the average effect of treatment on the treated group (ATTs) based on the radius matching method. We tested whether there was a systematic difference between the control group and the treatment group after matching. After matching, all of the variables were statistically insignificant, indicating that there was no systematic difference between those variables after matching. Figure 2 displays the kernel density plots of the treatment group and the control group before and after matching. As shown in Figure 2a , there was a systematical difference between the density function of the treatment group and the control group before matching. This means that simply comparing the difference between the treatment group and the control group will lead to biased results. After matching, as shown in Figure 2b , the two curves were more similar to each other, which means that the covariate characteristics between the treatment group and the control group were closer to the treatment group. Table 13 reports the PSM-DID estimate of HPR. The estimate of the impacts of HPR on house prices was −1.2 and was significant at the level of 5%. The results of PSM-DID indicate that after introducing the PSM, the impacts of HPR on house price growth are still significant. This implies that the implementation of HPR has negative impacts on the growth of house prices. 
Conclusions
In recent years, due to the rising demand for housing and the relative inelastic housing supply, house prices have been pushed up dramatically in China. This arouses wide concerns among Chinese households, economists, and the government. The surging house prices not only damage the development of the housing market, but also that of the economy. To curb the rapid growth of house prices and prompt the functioning of the housing market, major cities introduced the home purchase restriction in 2010-2011 and recently in 2016. By imposing purchase requirements and tightening credit, HPR has direct impacts on housing demand, and further affects house prices.
This paper studied the impacts of HPR on the housing market. By employing a DID approach, we studied the short-term and long-term effects of the implementation of HPR on the growth of house prices. We found that HPR effectively reduced the growth of house prices for the newly-built housing market and the second-hand housing market in the short-run. Additionally, the negative impacts of HPR on house prices were robust. In a relatively long period, the effects still existed, but the magnitude gradually diminished. Our analysis also suggests that the impacts of HPR vary across regions. The impacts of HPR in the eastern region were less effective than that in the central and western cities. In contrast, the impacts of HPR were more pronounced in the central and western cities. This can be explained by the heterogeneous fundamentals and expectations in different regions. Finally, unlike previous studies, we also tracked the effects of HPR dynamics on the housing market. In particular, most cities (except for Beijing, Shanghai, Guangzhou, and Shenzhen) have removed HPR since. Based on the data before and after 2014, we further evaluated the impacts of HPR removal on the housing market. (In fact, since 2017, 29 cities in our treatment group that had removed HPR in 2014 returned to HPR in 2017, except for Hohhot, Xining, Yinchuan, Urumqi, Wenzhou, and Jinhua.) However, we found no evidence that HPR removal will affect house prices. This paper has important policy implications for the housing market in China. First, we found that HPR was effective in controlling the surging house prices in the short-run, but it does not 
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